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012.01.0Abstract In the present work, the problem of earth dam with upstream blanket is mathematically
studied, to ﬁnd effect of the blanket length on each of discharge and head loss due to blanket. It was
found that mathematical solution is valid for the relative depth of the impervious layer ranging
from 0.014 to 0.164. The recommended mathematical solution is compared with that given by Rezk
and Nasr [1] and it is clear that mathematical results tends to experimental when (d/l)P 0.60. Also
head loss due to blanket in case of mathematical and experimental work is presented.
ª 2012 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction and assumptions of the mathematical work
Problem of seepage from canals, based on homogenous mate-
rial of ﬁnite depth, and canals with upstream blanket, was
studied by many researchers.
Garg and Chawla [2] obtained a closed form solution of
seepage from a trapezoidal channel in homogenous and isotro-
pic material extending to ﬁnite depth with horizontal or verti-
cal drainage at a ﬁnite distance from the canal.
A closed-form solution of the seepage from a canal in a
homogenous medium extending to a ﬁnite depth to drains lo-
cated at a ﬁnite distance from the canal considering vertical
and horizontal drainage was presented by Sharma and Chawla
[3]..-A.E.R.M. Rezk).
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04Seepage through an earth embankment with upstream
blanket was studied experimentally by Rezk and Rabiea [1]
using Hele Shaw model. They studied the effect of both length
of the upstream blanket and depth of the impervious layer on
both seepage discharge passing to the vertical drain and loss of
head due to existence of blanket.
Casagrande [4], suggested data given in (Fig. 2), to correct
discharge face in case of a „ 180.
According to Kozeny as indicated by Harr [5], the seepage
discharge entering the horizontal ﬁlter, considering a dry
downstream condition, is given by the equation; q ¼ kh03 where
h03 the height of free surface just at the ﬁlter as shown in Fig. 3.
The above equation given by Kozeny [5] can be modiﬁed to
be used for a downstream vertical ﬁlter, in the from q ¼ Ckh03,
whereC is givenbyCasagrande [4] (for a = 90) and equals 0.74.
In the present study, as shown in the geological section
(Fig. 1), value of C= 0.74 recommended by Casagrande, for
a = 90, cannot be used for the following reasons:
1. Zone I (Fig. 4), is similar to a conﬁned aquifer.
2. Zone II can be considered as semi conﬁned aquifer.ion and hosting by Elsevier B.V. All rights reserved.
Nomenclature
d depth of impervious layer measured from stream
bed
dn thickness of the impervious upstream blanket
d00 width of the seepage ﬂow = (d dn)
F free board of the dam
h depth of the impervious layer measured from
water level
h1 piezometeric head measured at the end of the hor-
izontal length of the blanket
l horizontal length of the blanket
h2 height of the phreatic surface from the impervious
layer (Fig. 1)
h3 intersection of phreatic surface with the vertical
dam end
H water depth upstream the dam
k permeability coefﬁcient,
L base length of the dam (Fig. 1)
Ln length given by Eq. (5), and shown by (Fig. 4)
qth discharge given by recommended mathematical
solution
qexp discharge given by Rezk and Rabiea [3] for the
same problem
Dh head loss due to blanket and equals (H+ d  h2)
(Fig. 1)
h angle of inclination of the upstream face of the
dam
46 M.-A.E.R.M. Rezk, A.-A.A.A. Senoon3. Zone III is assumed as unconﬁned aquifer, but is affected
by Zones I and II.
Therefore the constant C= 0.74 recommended by Casa-
grande for free ﬂow cannot be considered in the present case
because of the assumptions mentioned earlier.
In the present work, the constant C in the equation of dis-
charge is established from the previous experimental results gi-
ven by Rezk and Rabiea [1] for the similar case of study.
The relation between the constant C, established from
experimental results, and the relative depth of the impervious
layer (d/L) is drawn in (Fig. 5).
In the present work, the mathematical solution is deduced
and presented by the three Eqs. (1)–(3).
Eq. (4) gives value of the constant C which has established
from experimental results.
The recommended mathematical solution is compared by
the experimental results given by Rezk and Rabiea [1].
2. Analytical solution
The recommended mathematical solution is based on three
equations which are deduced according to the three divided
zones of the dam shown in (Fig. 4).
2.1. Zone I
The deduced equation in this zone based on Darcy’s law,
where q = k Æ i Æ A, isFigure 1 Geoloq ¼ k ðh h1Þðdn þ lÞ ðd d
nÞ ð1Þ2.2. Zone II
Equation of seepage discharge in this zone also based on
Darcy’s law:
q ¼ k  i  A ¼ k dh
dx
ðdnn þ x  tan hÞ
q
tan h
Z x
0
dx  tan h
ðdnn þ x  tan hÞ ¼ k
Z h2
h1
dh
q
tan h
½lnðdnn þ x  tan hÞx0 ¼ k  ½hh1h2
q ¼ k  tan h  ðh1  h2Þ
lnðdnn þ x  tan hÞ  ln dnn ð2Þ
where x ¼ ðh2  dnnÞ= tan h.
2.3. Zone III
Equation of discharge in zone III is assumed as given by
Kozeny [5]. The effect of the vertical end of dam is treated
using the experimental results given by Rezk and Rabiea [1]
by introducing the constant ‘‘C’’ in the following equation:
q ¼ C  k  h3 ð3Þ
Value of (h3) can be found referring to (Fig. 4):gical section.
Figure 2 Exist condition and correction by Casagrade [4].
Figure 3 Koseny’s assumption.
Figure 4 The assumed zones in mathematical solution.
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Figure 5 The constant (C) versus (d/L).
Table 1 Results deduced from mathematical solution.
d (m) L (m) d/L q (m3/s) h1 h2 Dh
4 25 9.8 · 104 9 6.92 9.08
8 50 1.53 · 105 14.89 12.39 7.61
12 73 0.16 1.96 · 105 19.75 17.17 6.33
20 125 2.62 · 105 28.64 26.09 5.91
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
q/kH
H
/d
d/l=1
d/l=0.5
d/l=0.33
d/l=0.25
0.2 0.25 0.3 0.35 0.4 0.45 0.5
Figure 6 Values of (H/d) versus (q/kH) for experimental results
given by Rezk and Rabiea [1].
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Figure 7 Values of (H/d) versus (q/kH) for mathematical results
of the recommended solution by the authors.
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results.
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ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h22 þ Ln2
q
 Ln
 
q ¼ C  k 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h22 þ Ln2
q
 Ln
 
Referring to (Fig. 5), the constant ‘‘C’’ may be evaluated as
follows:
C ¼ 1152 d
L
 3
 409:67 d
L
 2
þ 35:91 d
L
 
þ 1:8892
R2 ¼ 0:9976 ð4Þ
The distance Ln may be given as:
Ln ¼Lþðh2  dnnÞðk cothÞ; k¼ m
2mþ 1 ; where m¼ coth:
ð5Þ
Values of the constant C versus d/L are drawn and shown in
(Fig. 5). Eq. (4) is valid for values of d/L= 0.014–0.164.
To demonstrate the method of solution using recommended
mathematical solution, the following example is applied.
2.3.1. Solved example
Given H= 12 m, h = 30, dn ¼ 0:5 m, k= 5 · 105 m/s,
l= 12 m.
Solving the recommended mathematical solution Eqs. (1)–
(3).
Results are given in the following Table 1.
3. Comparison between the recommended analytical solution and
the experimental results given by Rezk and Rabiea [1]
The relation between the relative retained water head upstream
the dam (H/d) versus the relative discharge (q/kH), are drawn
for d/L, 0.014, .027, 0.055, 0.11 and 0.164 for both mathemat-
ical and experimental results.
Results for d/L= 0.11 are shown in (Figs. 6–8). Compari-
son between results deduced from mathematical solution and
that obtained experimentally, for d/L= 0.11, shows that per-centage deviation between qexp and qth ranges from 9% to 16%
for d/l= 1.0, and equals 25% to 34% for d/l= 0.25, where
qexp > qth in such case.
Comparison is made also between mathematical and exper-
imental results for d/L= 0.014, 0.027, 0.055 and 0.164 and are
shown in the Appendix. Analysis of these results show the
difference between qexp and qth are presented in the following
Table 2.
It is clear from the above analysis and Table 2, that a con-
siderable difference is noticed between experimental and math-
ematical results for small values of (d/l). This difference
decreases with increasing (d/l).
Fig. 9 shows the relation between the relative depth of the
impervious layer (d/l) versus the relative discharge given from
mathematical solution (qth/qexp).
Table 2 Percentage deviation between experimental and
mathematical solutions.
d/L d/l
qexpqth
qexp
 
%
0.014 0.05 54–58
0.125 29–41
0.027 0.1 42–57
1.0 9–23
0.055 0.125 34–40
1.0 5–6
0.164 0.375 26–36
1.5 4–11
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Figure 9 Relation between (d/l) versus (qth/qexp).
Table 3 Relation between (d/l) versus (qth/qexp).
d/l 0.2 0.4 0.6 0.8 1.0 1.5
(qth/qexp) 0.63 0.74 0.8 0.85 0.88 0.95
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Figure 11 Relation between (d/l) versus Dhexp/Dhth.
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the experimental one for (d/l)P 0.6, while the value of (qth/
qexp) reaches 0.95 at (d/l) > 1.0 as listed in Table 3.
The relative discharge (qth/qexp) is found according to the
values d/l as given in (Table 3). It is seen that mathematical
solution give satisfactory results whenever (d/l)P 0.6.
3.1. Head loss (Dh)
Head loss due to blanket (Dh) is calculated using mathematical
model, then compared to experimental results as shown in
(Fig. 10). For (d/L) = 0.014, the average difference between
the two results is about 17% in this case.0.5
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Figure 10 Comparison between theoretical and experimental
results for (d/L) = 0.014.Considering all results of d/L= 0.014, 0.027, 0.055, 0.22
and 0.16, the relation between (d/l) and (Dhexp/Dhth) is shown
in (Fig. 11). It is found that, the average difference is about
25%.
4. Conclusions
Earth dam with upstream blanket is analytically studied in this
paper. The following conclusions are found:
1. A mathematical solution is recommended for earth dam
with upstream blanket to ﬁnd seepage discharge through
the dam and head loss due to blanket.
2. The recommended mathematical solution is valid for the
relative depth of the impervious layer (d/L) ranging from
0.014 to 0.164
3. A comparison is made between mathematical results and
that given experimentally by others. It was found that
mathematical results tends to the experimental one when
(d/l)P 0.6. The difference between the two results is
20%, 15%, 12%, and 5% for (d/l) equals 0.6, 0.8, 1.0 and
1.5 respectively.
4. The difference between head loss due to blanket, deduced
mathematically and that from experiments is almost about
25%.Appendix A
See Figs. 12–23.0
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Figure 12 Values of (H/d) versus (q/kH) for mathematical
results of the recommended solution by the authors.
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results.
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Figure 15 Values of (H/d) versus (q/kH) for mathematical
results of the recommended solution by the authors.
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Figure 16 Values of (H/d) versus (q/kH) for experimental results
given by Rezk and Rabiea [1].
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Figure 17 Comparison between mathematical and experimental
results.
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Figure 18 Values of (H/d) versus (q/kH) for mathematical
results of the recommended solution by the authors.
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Figure 19 Values of (H/d) versus (q/kH) for experimental results
given by Rezk and Rabiea [1].
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Figure 20 Comparison between mathematical and experimental
results.
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Figure 21 Values of (H/d) versus (q/kH) for mathematical
results of the recommended solution by the authors.
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Figure 22 Values of (H/d) versus (q/kH) for experimental results
given by Rezk and Rabiea [1].
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Figure 23 Comparison between mathematical and experimental
results.
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